CHRONIC TOXICITY SUMMARY

XYLENES

(Xylol or commercial xylenes (mixture of 60-70% m- and remaining percentage is mix of o- and p-
xylenes), technical grade xylenes or mixed xylenes (20% o-xylene, 40% m-xylene, 20% p-xylene, 20% ethyl
benzene, and traces of toluene and C9 aromatics), o-xylene (1,2-dimethylbenzene or 2-xylene), m-xylene
(1,3-dimethylbenzene or 3-xylene), p-xylene (1,4-dimethylbenzene or 4-xylene), also noted as
methyltoluene, benzene-dimethyl, dimethyl benzene)

CAS Registry Numbers.: 1330-20-7 (technical mixture of o-, p-, and m-xylene);
95-47-6 (0-xylene); 108-38-3 (m-xylene); 106-42-3 (p-xylene)

l. Chronic Toxicity Summary

Inhalation reference exposure level 700 pg/m? (200 ppb) (for technical or mixed xylenes or sum
of individual isomers of xylene)

Critical effect(s) CNS effects in humans; irritation of the eyes, nose, and
throat

Hazard index target(s) Nervous system; respiratory system

1. Physical and Chemical Properties (ATSDR, 1995; HSDB, 1995; CRC, 1994)

Description Colorlessliquid
Molecular formula CsHao
Molecular weight 106.16 g/moal
Density 0.864 glcm® @ 20°C(technical mixture);
0.881 (0-); 0.860 (m-); 0.861 (p-)
Boiling point 137-140°C @ 760 torr (technical mixture);
144.5 °C (0-); 139.1°C (m+-); 138.3 °C (p-)
Melting point -25.2°C(0-); - 47.8°C (m-); +13.2 °C (p-)
Vapor pressure 6.6 torr (0-); 8.39 torr (m-); 8.87 torr (p-) al @ 25°C.
Solubility Practically insoluble in water; miscible with absolute
alcohol, ether and many other organic solvents
Conversion factor 1 ppb = 4.34 ny/m®

1. Major Usesor Sources

Mixtures of o-, p-, and m-xylenes are extensively used in the chemical industry as solvents for products
including paints, inks, dyes, adhesives, pharmaceuticals, and detergents (HSDB, 1995). In the petroleum
industry xylenes are used as antiknock agentsin gasoline, and as an intermediate in synthetic reactions. Of
the three isomers, p-xylene is produced in the highest quantitiesin the U.S. for use in the synthesis of
phthalic, isophthalic, and terephthalic acid used in manufacture of plastics and polymer fibersincluding
mylar and dacron. In 1996, the latest year tabulated, the statewide mean outdoor monitored concentration
of meta/para-xylene was approximately 1 ppb (CARB, 19998). The annual statewide emissions from
facilities reporting under the Air Toxics Hot Spots Act in California based on the most recent inventory
were estimated to be 3,568,318 pounds of xylenes (CARB, 1999b). Also reported were speciated
emissions of p-xylene - 51,203 pounds, of o-xylene - 34,573 pounds, and of m-xylene - 30,440 pounds.
(Xylenes are a so present in motor vehicle exhaust.)

V. Effects of Human Exposure



Information on the toxicity of xylenesto humansis almost exclusively limited to case reports of acute
exposures and studies of occupational exposures in which persons often inhaled a mixture of hydrocarbon
solvents 8 hours per day, 5-6 days per week. These studies often have incomplete information on the
airborne concentrations of xylene and other hydrocarbons. One study examining chronic effects in humans
from inhalation of predominantly mixed xylenes was identified (Uchida et al., 1993) and one 4-week
controlled exposure study examining the effects of p-xylene exclusively wasidentified (Hake et al., 1981).
No studies examining the chronic effects of oral or dermal xylene exposure in humans were identified.

Pharmacokinetic studies have documented the absorption of xylene in humans through inhalation, oral, and
dermal routes of exposure. Approximately 60% of inspired xylene is retained systemically (Sedivec and
Flek, 1979). The majority of ingested xylene (~90%) is absorbed into the systemic circulation (ATSDR,
1995). Xyleneisaso absorbed dermally; the rate of absorption of xylene vapor is estimated as 0.1-0.2% of
that by inhalation (Riihimaki and Pfaffli, 1978). Loizou et al. (1999) exposed human volunteers to 50 ppm
m-xylene for 4 hours and determined that the dermal route of exposure contributed 1.8% of the total body
burden. Measurement of the rate of absorption through direct contact with the skin produced variable

results ranging from 2 pg/cmé/min (Engstrom et al ., 1977) to 75-160 pg/cm?/min (Dutkiewicz and Tyras,
1968).

Xylene exposure has been associated with effects in a number of organ systems including the lungs, skin
and eyes; neurological system; heart and gastrointestinal system; kidney; and possibly the reproductive
system.

Pulmonary effects have been documented in occupational exposures to undetermined concentrations of
mixed xylenes (and other solvents) and include labored breathing and impaired pulmonary function
(Hipolito 1980; Roberts et al., 1988). High levels of xylene exposure for short periods are associated with
irritation of the skin, eyes, nose and throat (ATSDR, 1995). Chronic exposure to xylenes has been
associated with eye and nasal irritation (Uchidaet al., 1993).

The central nervous system is affected by both short term and long term exposure to high concentrations of
xylene. Levelsof 100-200 ppm are associated with nausea and headache; 200-500 ppm with dizziness,
irritability, weakness, vomiting, and slowed reaction time; 800-10,000 ppm with lack of muscle
coordination, giddiness, confusion, ringing in the ears, and changes in sense of balance; and >10,000 ppm
with loss of consciousness (HESIS, 1986). Other documented neurological effects include impaired short
term memory, impaired reaction time, performance decrementsin numerical ability, and impaired
equilibrium (dizziness) and balance (Carpenter et al., 1975; Dudek et al., 1990; Gamberae et al., 1978;
Riihimaki and Savolainen, 1980; Savolainen and Linnavuo, 1979; Savolainen and Riihimaki 1981;
Savolainen et al., 1979; 1984; 1985).

Chronic exposure to xylenes (with other hydrocarbons) has been associated with cardiovascular and
gastrointestinal effects. Heart palpitations, chest pain, and abnormal electrocardiogram were noted
(Hipolito, 1980; Kilburn et al., 1985) as were effects on the gastrointestinal system producing nausea,
vomiting and gastric discomfort in exposed workers (Goldie, 1960; Hipolito, 1980; Uchida et al., 1993;
Klaucke et al., 1982; Nersesian et al., 1985).

Results of studies of renal effects of xylene are mixed and come from case reports and occupational studies
where multiple chemical exposures are common. The effects from subchronic exposure documented by
Hake et al. (1981) and from chronic exposure documented by Uchida et al. (1993) did not include renal
effects. However, Morley et al. (1970) found increased BUN and decreased creatinine clearance; Martinez
et al. (1989) found distal renal tubular acidemia; Franchini et al. (1983) found increased levels of urinary b-
glucuronidase; and Askergren (1981, 1982) found increased urinary excretion of albumin, erythrocytes, and
leukocytes.

Reproductive effects were documented by Taskinen et al. (1994) who found increased incidence of
spontaneous abortions in 37 pathology and histology workers exposed to xylene and formaldehyde in the



work place. The multiple chemical exposures and the small number of subjectsin this study limit the
conclusions that can be drawn as to reproductive effects of xylene in humans.

No hematological effects have been identified in studies where exposure was to xylene only. Previous
studies identifying hematological effects included known or suspected exposure to benzene (ATSDR, 1995;
ECETOC, 1986). One series of case reports identified lowered white cell countsin two women with
chronic occupational exposure to xylene (Hipolito, 1980; Moszczynsky and Lisiewicz, 1983; 1984),
although they may also have had multiple chemical exposures.

Groups of male volunteers (1 to 4 subjects/group) were exposed to p-xylene in a controlled-environment
chamber for 7.5, 3, or 1 hr/day, 5 days/week for 4-weeks (Hake et al., 1981). The p-xylene concentration
was changed on aweekly basis starting at 100 ppm the first week, followed by 20 ppm, 150 ppm, and 100
ppm (average, with arange of 50 to 150 ppm) over subsequent weeks. In addition, groups of female
volunteers (2 or 3/group) were exposed to 100 ppm p-xylenefor 7.5, 3, or 1 hr/day for 5 days. The
volunteers acted as their own controls, with exposure to 0 ppm p-xylene occurring for two days (males) or
one day (females) the week before and the week after the xylene exposures. No serious subjective or
objective health responses, including neurological tests, cognitive tests and cardiopulmonary function tests
were observed. Odor was noted, but the intensity decreased usually within the first hour of exposure. The
authors concluded that p-xylene may have aweak irritating effect on the soft tissues starting at 100 ppm,
but overall, the small sample size and high variability among the volunteers made all results difficult to
interpret.

The Uchidaet al. (1993) study included arelatively large number of workers studied, exposure for an
average of 7 years to xylenes predominately and a comprehensive set of medical examinations to document
potential effects. A survey of 994 Chinese workersinvolved in the production of rubber boots, plastic
coated wire and printing processes employing xylene solvents was carried out. The survey consisted of
fitting individual workers with diffusive samplers for an 8 hour shift. At the end of the 8 hour shift the
samplers were recovered for analysis of solvent exposure, and urine samples were collected for analysis of
xylene metabolites. The following day workers answered a questionnaire concerning subjective symptoms,
and blood and urine were collected for analysis. Out of this group of xylene-exposed workers, 175
individuals (107 men and 68 women) were selected for further study and analysis based on compl etion of
their health examinations and on results from diffusive samplers showing that xylene constituted 70% or
more of that individual’s exposure to solventsin the workplace. The control population consisted of 241
(116 men and 125 women) unexposed workers from the same factories or other factories in the same
region, of similar age distribution, of similar time in this occupation (average of 7 years), and having a
similar distribution of acohol consumption and cigarette usage. The xylene-exposed and unexposed
groups were given health examinations which evaluated hematology (red, white, and platelet cell counts,
and hemoglobin concentration), serum biochemistry (albumin concentration, total bilirubin concentration,
aspartate aminotransferase, alanine aminotransferase, gamma-glutamyl transferase, alkaline phosphatase,
leucine aminopeptidase, lactate dehydrogenase, amylase, blood urea nitrogen, creatinine), and subjective
symptoms (survey of symptoms occurring during work and in the previous three months).

Results of analysis of the diffusive samplers showed that workers were exposed to a geometric mean of
14.2 £ 2.6 ppm xylene (arithmetic mean of 21.3 £ 21.6 ppm). Thiswas broken down into geometric means
of 1.2 ppm o-xylene, 7.3 ppm m-xylene, 3.8 ppm p-xylene, 3.4 ppm ethyl benzene, and 1.2 ppm toluene.
N-Hexane was rarely present and no benzene was detected. Analysis of data from the health examinations
found no statistically significant difference (p<0.10) between hematology and serum biochemistry values
for xylene-exposed and unexposed populations. The frequency of an elevated ratio of aspartate
aminotransferase to alanine transferase and of elevated ratio of akaline phosphatase to leucine
aminopeptidase was significantly (p<0.01) higher in exposed men than in the control population of men.
Results of the survey of subjective symptoms found differences in symptoms occurring during work and
during asimilar analysis over the preceding three month period, apparently related to effects on the central
nervous system and to local effects on the eyes, nose and throat. The frequency of five symptoms
experienced during work was significantly (p<0.01) elevated in either xylene-exposed men or women
including: dimmed vision, unusual taste, dizziness, heavy feeling in the head, and headache. The frequency
of four symptoms experienced during work were significantly (p<0.01) elevated in both men and women



including irritation in the eyes, nasal irritation, sore throat, and floating sensation. Ten subjective
symptoms occurring in the previous three months were significantly (p<0.01) elevated in exposed men and
women including nausea, nightmare, anxiety, forgetfulness, inability to concentrate, fainting after suddenly
standing up, poor appetite, reduced grasping power, reduced muscle power in the extremities, and rough
skin. Dose dependency appeared to exist for 3 subjective symptoms noted during work: irritation in the
eyes, sore throat, floating sensation, and for one symptom occurring in the last three months, poor appetite.

V. Effects of Animal Exposure

A limited number of chronic toxicity studies are available for xylene including two inhalation studies with
o-xylene (Tatrai et al., 1981; Jenkins et al., 1970) and one oral chronic study with mixed xylenes (NTP,
1986). No chronic dermal studies could be identified. A spectrum of adverse effects has been documented
in shorter term studies which potentially could occur with chronic exposure. These studies are presented
here along with a brief description of the three chronic studies identified. Xylene affects a number of organ
systems including the pulmonary system, the cardiovascular system, the gastrointestina system, the hepatic
system, the renal system, the dermis, and the eye, and it has numerous neurological effects and
developmental effects.

Animal data are consistent with human data in documenting respiratory effects from xylene exposure.
Acute and subacute exposures in mice, rats, and guinea pigs have been associated with decreased metabolic
capacity of the lungs; decreased respiratory rate; labored breathing; irritation of the respiratory tract;
pulmonary edema; and pulmonary inflammation (Carpenter et al., 1975; De Ceaurriz et al., 1981; Elovaara
et al., 1987; 1989; Furnas and Hine, 1958; Korsak et al., 1988; 1990; Patel et al., 1978; Silverman and
Schatz, 1991; Toftgard and Nilsen, 1982).

Limited evidenceis available in animal studies for cardiovascular effects resulting from xylene exposure.
Morvai et al. (1976; 1987) conducted two studies. Thefirst study observed rats following acute and
intermediate duration inhalation exposure to very high (unspecified) levels of xylene and recorded
ventricular repolarization disturbances, atrial fibrillation, arrhythmias, occasional cardiac arrest and
changes in electrocardiogram (Morvai et al., 1976). In a subsequent study morphological changesin
coronary microvessels were seen in rats exposed to 230 ppm xylene (isomer composition unspecified)
(Morvai et al., 1987). However the chronic toxicity studies conducted by the National Toxicology Program
(NTP, 1986) and by Jenkins et al. (1970), as well as other shorter term studies (Carpenter et al., 1975;
Wolfe, 1988), have not identified histopathological lesions of the heart.

Studies identifying adverse gastrointestinal effects, hematological effects, or muscul oskeletal effectsin
animals were not identified. Studies reporting no hematological effects include Carpenter et al. (1975) (rats
exposed to 810 ppm of mixed xylenes for 10 weeks, 5 days/week, 6 hours/day and dogs exposed for 13
weeks to 810 ppm mixed xylenes, 5 days/week, 6 hours/day) and Jenkins et al. (1970) (rats, guinea pigs
and dogs exposed for 6 weeks to 780 ppm o-xylene, 5 days/week, 8 hours per day). Carpenter et al. (1975)
and the NTP (1986) reported no effects on the musculoskeletal system.

Hepatic effects have been documented after acute exposure to high concentrations of xylene (2,000 ppm) or
subacute exposure to lower concentrations (345-800 ppm) of mixed xylene or individual isomers. These
effects include increased cytochrome P-450 and b5 content, increased hepatic weight, increased liver to
body weight ratios, decreased hepatic glycogen, proliferation of endoplasmic reticulum, changesin
distribution of hepatocellular nuclei, and liver degeneration (Bowerset al., 1982; Condie et al., 1988;
Elovaara, 1982; Elovaara et al., 1980; Muralidhara and Krishnakumari 1980; Patel et al., 1979; Pyykko
1980; Tatrai and Ungvary, 1980; Tatrai et al., 1981; Toftgard and Nilsen, 1981; 1982; Toftgard et al., 1981;
Ungvary et al., 1980).

Renal effects have been identified in studies with rats, guinea pigs, dogs, and monkeys exposed to 50-2,000
ppm of xylenes. These effects include increased cytochrome P-450 content and increased kidney to body
weight ratios (Condie et al., 1988; Elovaara 1982; Toftgard and Nilsen, 1982). Condie et al. (1988) also
noted tubular dilation, atrophy, and increased hyaline dropletsin the kidney of Sprague-Dawley rats
administered 150 mg/kg/day orally of mixed xylenes. Thisresponseis consistent with early nephropathy.



Xylene has been found to affect the dermis and eyes of animals. Hine and Zuidema (1970) found skin
erythema and edema, epidermal thickening, and eschar formation in response to xylene exposure. Direct
instillation of xylenesinto the eyes of rabbits produces eye irritation (Hine and Zuidema, 1970; Smyth et
al., 1962)

Numerous neurological effects have been documented in response to acute and subchronic xylene
exposures ranging from 100 to 2,000 ppm. Thisis consistent with effects on neurofunction documented in
humans. These effects include narcosis, prostration, incoordination, tremors, muscular spasms, labored
respiration, behavioral changes, hyperactivity, elevated auditory thresholds, hearing loss, and changesin
brain biochemistry (Andersson et al., 1981; Carpenter et al., 1975; De Ceaurriz et al., 1983; Furnas and
Hine, 1958; Ghosh et al., 1987; Gralewicz et al., 1995; Kyrklund et al., 1987; Molnar et al., 1986; NTP,
1986; Pryor et al., 1987; Rank 1985; Rosengren et al., 1986; Savolainen and Seppalainen, 1979;
Savolainen et al., 1978; 1979a; Wimolwattanapun et al., 1987).

Developmental effects have been documented in pregnant animals exposed to xylenes. ATSDR (1995)
concluded that the body of information available for developmental effectsis consistent with the hypothesis
that xylene is fetotoxic and many of the fetotoxic responses are secondary to maternal toxicity. However,
the ATSDR also observed that there was a large variation in the concentrations of xylene producing
developmental effects and of those producing no developmental effects. The ATSDR thought that these
differences were influenced by a number of factors (strain and species of animal, purity of xylene, method
of exposure, exposure pattern and duration, etc.). The two most common test species have been the rat and
the mouse.

With respect to rats, Mirkova et al. (1983) exposed groups of pregnant rats (unspecified strain of white rats)
toclean air or 2.3, 12, or 120 ppm of xylene (unspecified composition) for 6 h/day on days 1-21 of
gestation. They reported increased postimplantation losses and fetotoxicity (reduced fetal weights) as well
as astatistically increased incidence of visceral abnormalities (including ossification defects in bones of the
skull) at xylene air concentrations of 12 ppm and above. The ATSDR has suggested that the Mirkova et al.
(1983) study results may have been influenced by poor animal husbandry as indicated by the low
conception rates and the high incidence of fetal hemorrhages seen in the controls. Hass and Jakobsen
(1993) attempted to replicate the findings of Mirkova et al. (1983). Hass and Jakobsen (1993) exposed
groups of 36 pregnant Wistar rats to clean air or 200 ppm of xylene for 6 h/day on days 4-20 of gestation.
Unlike Mirakova et al. (1983), there was no sign of maternal toxicity and no decrease in fetal weights and
no increase in soft-tissue or skeletal malformations. A large increase in the incidence of delayed
ossification of the os maxillare of the skull, however, was observed (53% of experimental fetuses as
opposed to 2% of the controls). Potential neurological/muscular changes measured as performance on a
rotorod were al so noted upon testing of 2-day-old rat pups.

Ungvary et al. (1985) exposed CFY rats by inhalation to air concentrations of xylene (60 ppm, 440 ppm,
800 ppm) for 24 h/day on days 7-15 of gestation. Maternal toxicity was described as moderate and dose-
dependent. They observed weight retarded fetuses at all air concentrations. However, there was no
increase in malformations, and an increase in minor anomalies and resorbed fetuses occurred only at the
highest concentration. In a separate study investigating the interactions between solvents and other agents,
Ungvary (1985) exposed CFY ratsto either 140 ppm or 440 ppm of xylene on days 10-13 of gestation and
also reported increases for either condition in weight retarded and skeletal retarded fetuses without any
increase in malformations. Hudak and Ungvary (1978) had earlier examined the effect of 230 ppm xylene
(24 h/iday, days 9-14 of pregnancy) in the CFY rat and reported effects on skeletal development (e.g., fused
sternebrae). In contrast to the other Ungvary findings, no effect on fetal weight was observed.
Bio/dynamics (1983) conducted an inhalation exposure study in the rat (CrL-CD (SD) BR strain). Rats
were exposed 6 h/day during premating, mating, gestation and lactation. Exposure concentrations were 0,
60, 250, and 500 ppm. Most measures for adverse effects on fetal development were not significantly
increased. Mean fetal weights at the highest exposure level were lower than controls, but this difference
was significant only for the female fetuses. These depressed weights were, however, still significant on day
21 of lactation. Other adverse effects (such asincreased soft tissue and skeletal abnormalities, increased
fetal resorptions) were not increased significantly at any of the test concentrations.



Ungvary et al. (1980a) tested by inhalation the individual ortho, meta, and paraisomers of xylenein the
CFY rat. Pregnant rats were exposed 24 h/day on days 7 —14 of pregnancy to 35, 350, or 700 ppm of each
isomer. Anincreased incidence of weight retarded fetuses was observed for each isomer at the 700 ppm
level, and for the ortho isomer at the 350 ppm level. Post implantation losses were increased only at the
700 ppm level in the para-xylene exposed group. Skeletal anomalies were increased only at the 700 ppm
level for the meta and paraisomers of xylene. Rosen et al. (1986) evaluated the effects of prenatal
exposure to para-xylene in therat. They exposed pregnant Sprague-Dawley rats by inhalation to either 800
ppm or 1600 ppm of p-xylene from days 7-16 of gestation. Despite the high concentrations, no effects
were seen on litter size or weight at birth or on the subsequent growth rates of the pups.

Hass et al. (1995) examined postnatal development and neurobehavioral effectsin rats following prenatal
exposure to 0 or 500 ppm technical xylene 6 hr/day on gestation days 7-20 of pregnancy. Xylene exposure
caused no signs of maternal toxicity and no difference in the number of live or dead fetuses. The mean
birth weight in exposed litters was about 5% lower compared to control litters but the difference was not
statistically significant. Body weights were similar between groups during the preweaning and
postweaning period but lower absolute brain weights were observed in exposed animals. Exposed
offspring showed a delay in the ontogeny of the air righting reflex and exhibited impaired performance in
behavioral tests for neuromotor abilities (Rotorod) and for learning and memory (Morris water maze). Ina
follow-up study under the same exposure conditions, exposed offspring exhibited impaired performancesin
the Morris water maze at 16, 28, and 55 weeks of age, although the difference was not statistically
significant at 55 weeks (Hass et al., 1997). These data indicate that xylene exposure during devel opment
may cause long-lasting deficits on learning and memory in offspring.

With respect to mice, Ungvary et al. (1985) exposed CFL P mice by inhalation to air concentrations of
xylene (120 ppm, 230 ppm) for 24 h/day on days 7-15 of gestation. In the mouse, they observed increased
incidences of weight-retarded fetuses and increased skeletal retarded fetuses at 230 ppm. Shigetaet al.
(1983) exposed pregnant ICR mice to approximately 0, 120, 230, 460, and 920 ppm of xylenein an
exposure chamber for 6 h/day on days 6-12 of gestation. Shigeta et al. (1983) reported significant
decreasesin fetal weight in the 460 ppm and 920 ppm dose groups only. There was no difference in the
number of live or dead fetuses. Decreased weight gains and delayed development of body hair and teeth
were observed at the 920 ppm exposure level. Dose-response relations were reported for delayed
ossification of the sternebrae. Marks et al. (1982) noted that 2060 mg/kg/day of mixed xylene administered
orally is associated with cleft palate and decreased fetal weight in the mouse.

Ungvary et al. (1985) also tested the individual ortho, meta, and paraisomers of xylene at 120 ppm in the
CFLP mouse. Each isomer of xylene aso increased the incidence of weight-retarded fetuses and skeletal
retarded fetuses at 120 ppm. There was no increase in malformations.

Of the three chronic studies available (Tatrai et al., 1981; Jenkins et al., 1970; NTP 1986) none
comprehensively examined systemic effects. The study by Tatrai et al. (1981) exposed rats for one year, 7
days/week, 8 hours per day to 1096 ppm o-xylene. This exposure was a LOAEL for body weight gainin
males and a NOAEL for hepatic effectsin male rats. Jenkins et al. (1970) exposed rats, guinea pigs,
squirrel monkeys, and beagle dogs for 90-127 days continuously to 78 ppm of o-xylene. The study
examined body weight gain; hematological parameters including white cell counts, red blood cell counts,
and hematocrit; serum biochemistry including bromosulfophthalein retention, blood urea nitrogen, alanine
aminotransferase, aspartate aminotransferase, alkaline phosphatase, and creatinine and liver function
including alkaline phosphatase, tyrosine aminotransferase, and total lipids. No effects were observed in
any of the parameters examined in this study. This study found a NOAEL for all effects examined of 78
ppm o-xylene. The NTP (1986) study administered 0, 250, or 500 mg/kg/day doses of mixed xylenein
corn oil by gavage 5 days/week for 103 weeks to groups of F344/N rats of both sexes, 50 animals per
group. B6C3F1 mice were treated in a similar manner but given 0, 500 or 1000 mg/kg/day of mixed
xylenesin corn oil by gavage. A complete histopathological examination of all tissues was made as well as
determination of body weight gain. Based on histopathology of all organ systems, a NOAEL of 500
mg/kg/day was observed for rats and a NOAEL of 1000 mg/kg/day was observed for mice.



VI. Derivation of Chronic Reference Exposure Level (REL)

Sudy Uchidaet al. (1993)

Sudy population 175 xylene-exposed factory workers and control population
of 241 factory workers

Exposure method Inhalation

Critical Effects Dose related increase in the prevalence of eyeirritation,
sore throat, floating sensation, and poor appetite.

LOAEL 14.2 ppm (geometric mean of exposure concentrations)

NOAEL Not applicable

Exposure continuity 8 hr/d (10 m*day occupational inhalation rate), 5 d/wk

Exposure duration Occupational exposure for an average of 7 years

Average occupational exposure 5.1 ppm for LOAEL group (14.2 x 10/20 x 5/7)

Human equivalent concentration 5.1 ppm for LOAEL group

LOAEL uncertainty factor 3

Subchronic uncertainty factor 1

I nter species uncertainty factor 1

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 30

Inhalation reference exposure level 0.2 ppm (200 ppb; 0.7 mg/m?; 700 pg/m®) for mixed

xylenes or for total of individual isomers

A number of issues are important in considering the uncertainty associated with thisREL. For ATSDR
(1995), the animal and human toxicity data suggest that mixed xylenes and the different xylene isomers
produce similar effects, although different isomers are not equal in potency for producing a given effect.
Therefore exposure of workersto amix of xylenesin the Uchida et al. (1993) study would be expected to
generate a similar spectrum of responses as exposure to single isomers, however the intensity of particular
effects could be different. The use of a neurological endpoint for derivation of a REL is supported by the
large number of inhalation and oral studies, which associate neurological effects with xylene exposure.
ATSDR (1995) indicates that neurological effects are a sensitive endpoint. The observation that floating
sensation is apparently related to dose further supports the concept that this subjective symptom related to
neurological effects was due to xylene exposure.

A UF of 3, rather than 10, was applied for the LOAEL to NOAEL extrapolation due to the generally mild
adverse effects observed and the principally low incidence (<50%) of the effects. A factor of 1 was used for
subchronic uncertainty. Although the average occupational exposure was only 7 years, there were 176
xylene-exposed workers of average age 29.7 + 9.0 years (arithmetic mean £ SD) for whom, according to
the report, there had been essentially no change in workplace in their working life. Thus, many workers
would likely have been exposed for more than 8.4 years, the cut-off point for chronic human exposure.
Another issueisthe use of diffusive samplersin the Uchida et al. (1993) study. These samplers provide a
time weighted average concentration of hydrocarbon and cannot indicate the maximum concentrations a
worker is exposed to. It isunknown whether peak concentrations alter the response to xylenes in humans.

For comparison with the proposed REL of 200 ppb based on human studies, (1) the free-standing NOAEL
of 78 ppm o-xylene obtained by Jenkins et al. (1970) in rats and guinea pigs continuously exposed for 90
days was used to estimate a REL based on animal data. Use of an RGDR of 1, a subchronic UF of 3, an
interspecies UF of 3, and an intraspecies UF of 10 resultsin a REL of 800 ppb for o-xylene for systemic
effects. (2) Tatrai et al. (1981) found afree standing LOAEL of 1096 ppm o-xylene for body weight gain
in male rats exposed every day for 8 hours. Time adjustment to continuous exposure and use of an RGDR
of 1, aLOAEL UF of 3 for amild effect, an interspecies UF of 3, and an intraspecies UF of 10 resultin a
REL of 4000 ppb. (3) Ungvary et al. (1985) exposed mice by inhalation continuously to 120 ppm or 230
ppm xylene for 24 h/day on days 7-15 of gestation. The LOAEL was 230 ppm and the NOAEL was 120
ppm. No time adjustment is needed. Use of an RGDR of 1, a subchronic UF of 1, an interspecies UF of 3,
and an intraspecies UF of 10 resultsin a REL of 4000 ppb for xylene for developmental effects.



VII. Data Strengthsand Limitations for Development of the REL

The strengths of the inhalation REL for xylene include the use of human exposure data from 175 workers
exposed over a period of years. Major areas of uncertainty are the uncertainty in estimating exposure, the
potential variability in exposure concentration, and the lack of observation of a NOAEL in the key study.
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